INTRODUCTION
============

Implant selection for breast augmentation surgery is a multifactorial process that involves choosing from an array of implant shapes, sizes, surface textures, and filler attributes; considering anatomy, tissue characteristics, and aesthetic objectives of patients; and accounting for a surgeon's preferences and experience.^[@R1]--[@R6]^ Despite abundant clinical experience with the multitude of breast implant types, there is limited high-quality, up-to-date evidence comparing these devices and helping surgeons to choose between them.^[@R7],[@R8]^ Selecting the appropriate implant, however, is important to optimize surgical outcomes, and a general principle has gained acceptance in the surgical community to guide this process---matching the implant to the needs and characteristics of the patient.^[@R5],[@R7],[@R9]--[@R12]^ Although breast augmentation preoperative methodologies and surgical techniques have been described in detail,^[@R2],[@R9],[@R10],[@R13]^ there is opportunity for additional refinement and direction with respect to matching the implant to the patient.^[@R9]^ For example, considerable geographical differences in surgical approach may influence implant selection decisions.^[@R14],[@R15]^ Surgeons in Australia and New Zealand (ANZ), in particular, have distinct practice patterns, including a tendency to use larger implants than surgeons in Europe or Asia and less pocket irrigation with triple-antibiotic solution than other regions of the world.^[@R15]^ Additionally, developing knowledge of factors associated with capsular contracture and breast implant−associated anaplastic large cell lymphoma (BIA-ALCL) in ANZ^[@R16]^ has led to a more critical review of implant selection in these countries. Refinement of surgical techniques and implant considerations is ongoing.

Breast augmentations are the foremost surgical cosmetic procedure in Australia, exceeding 17,000 surgeries in 2016,^[@R17]^ and a sharp increase in overall cosmetic surgeries in New Zealand has also been reported.^[@R18]^ Subsequently, guidance on implant selection approaches for surgeons in ANZ is a high priority. As advancements in intraoperative techniques, such as the use of bacterial mitigation strategies, increasingly reduce rates of complications,^[@R19]--[@R21]^ there exists a greater opportunity to focus on defining principles to guide implant selection.

The present analysis aimed to establish expert consensus on considerations for breast implant selection in ANZ based on practice patterns in those countries, identifying the specific implant features and surgical techniques that account for patient characteristics and desired surgical outcomes in current practice.

METHODS
=======

The consensus panel was composed of Mark R. Magnusson, FRACS (Plast), Queensland, Australia, who conceived the concept for this initiative, obtained sponsorship agreement from Allergan plc (Dublin, Ireland), and served as the panel chairperson, and 7 experienced, senior surgeons from ANZ. Surgeons were selected based on criteria specified by the chairperson, including high volume of breast augmentation surgeries performed; expansive knowledge of and experience with different types of breast implants, surgical technique, and other factors affecting surgical outcomes; and, to mitigate bias of opinion, diversity in practices (ie, academic and community based) and preferences regarding implant selection (eg, brand, texture, and shape). Recommendations presented in this article represent the panel's expert opinion based on their collective clinical experience.

Modified Delphi Method
----------------------

The consensus-gathering process followed a modified Delphi method (Fig. [1](#F1){ref-type="fig"}). The Delphi method is a well-established technique for reaching a consensus of opinion among participants with expertise on a particular issue. This method utilizes multiple iterative rounds of questioning, including an initial inquiry to gather data, formulation of answers into items for further consideration, and reformulation to obtain majority opinion.^[@R22],[@R23]^

![Flow diagram of the modified Delphi method used in this analysis.](gox-7-e2237-g001){#F1}

### Initial Inquiry Phase

Dr Magnusson developed an open-ended questionnaire on current considerations in breast implant selection and disseminated it to the panel for review and comment. The questionnaire comprised 10 preliminary topics for consideration: implant surface, gel, shape, projection, planes of implant insertion, patient tissue characteristics (eg, qualities of skin envelope), deformity (eg, constriction, tuberous breast, and massive weight loss), activity levels, body mass index, and breast reconstruction. For each topic, panelists were queried on patient or planning considerations, relative indications and contraindications, and rationale for responses.

An independent medical writer summarized questionnaire responses in a blinded fashion. This summary was presented to panelists in a live meeting for further discussion to obtain agreement on topics for a final consensus survey. At least 2 responders were required to mention a specific point of possible consensus within a topic area for the topic to be considered for the final survey.

Consensus Survey Development and Administration
-----------------------------------------------

Based on the responses from the live meeting, an independent medical writer developed a consensus survey pertaining to current considerations in implant selection. The panelists completed this survey via an interactive document using a 5-point Likert-type scale to indicate level of agreement with each survey item. The scale of responses included the following choices: *strongly disagree, disagree, no opinion, agree*, or *strongly agree* or *unimportant*, *of little importance, moderately important*, *important*, or *very important*.

Survey Tabulation and Formulation of Consensus
----------------------------------------------

Survey responses were collected and tabulated in an anonymous manner. Consensus was defined using a threshold of 70% for the rate of responses in which panelists reported *agree/important* and *strongly agree/very important*.

RESULTS
=======

The responses to the initial questionnaire resulted in 42 possible points of consensus for consideration in breast implant selection. Additional points of consensus were added based on discussion of the initial survey results at the live meeting, resulting in 5 topics and 58 items for the consensus survey: (1) *implant surface area nomenclature and relationship to tissue integration (3 items*); (2) *implant migration risk factors (9 items*); (3) *implant characteristics (20 items*); (4) *patient characteristics (17 items*); and (5) *operative factors (9 items*). Members of the consensus panel and Dr Magnusson completed the final consensus survey (n = 7).

Implant Surface Area Nomenclature and Relationship to Tissue Integration
------------------------------------------------------------------------

Respondents did not achieve consensus on the usefulness of quantitative nomenclature (ie, surface area of texture expressed in square millimeter) and class nomenclature (surface area classified as *smooth*, *micro*, *macro*, and *macro-plus*) to categorize implant surface textures. Only 57.1% of panelists agreed or strongly agreed that quantitative nomenclature was useful for defining the surface area of breast implants. No respondents strongly agreed that class nomenclature was useful. Five responses indicated *no opinion* on the usefulness of quantitative and class nomenclature. Classification of implant surface/roughness according to the categories *high, intermediate, low*, and *minimal*, based on direct measurement of implant surface area and roughness, was identified as the preferred nomenclature of the panel during their postsurvey discussions.^[@R24]^ There was 100% consensus that increased implant surface area leads to a higher amount of tissue integration.

Implant Migration Risk Factors
------------------------------

Panelists achieved consensus that the top risk factors for implant migration were surgical formation of the pocket and positioning of the implant, implant size, and patient soft tissue characteristics and ptosis of any degree (Fig. [2](#F2){ref-type="fig"}). All panelists reported that implant surface texture was moderately important or important as a risk factor for implant migration, but none identified it as very important. At least half of the respondents reported that implant cohesivity has little importance in the risk of displacement of an implant.

![Risk factors involved in implant migration: panelists' responses and percent agreement (N = 7). Items not reaching the consensus threshold\* are in bold font. ^\*^Consensus defined using a threshold of 70% for the rate of responses in which panelists reported *very important* and *important.* ^†^Of only 5 respondents, 2 panelists did not complete this item.](gox-7-e2237-g002){#F2}

Implant Characteristics
-----------------------

Consensus regarding the specific applications for particular implant surface textures, shapes, filler materials, and projection was achieved for most items (Table [1](#T1){ref-type="table"}). There was general agreement that it is important to match the cohesivity of the gel to the tissue of the patient. Most panelists agreed that smooth, round implants are more likely to migrate than textured implants. Consensus was lacking for one item; *Macro-plus-textured implants are suitable for patients with previous capsular contracture*, with 42.9% of the panelists agreeing on this application.

###### 

Implant Characteristics: Panelist Responses and Percent Agreement

![](gox-7-e2237-g003)

Patient Characteristics
-----------------------

Consensus was reached on the importance of patient characteristics in implant selection, such as lax soft tissues and ptosis/pseudoptosis, with consensus absent for the importance of activity restrictions for patients with lax soft tissues or the role of mastopexy in minimizing the importance of tissue characteristics in implant selection (Fig. [3](#F3){ref-type="fig"}). Consensus survey findings on recommendations for special cases related to patient anatomy and tissue characteristics are summarized in Figure [4](#F4){ref-type="fig"}. Responses showed that 71.4% strongly agreed that an anatomical implant may be considered an option for patients with tuberous breasts. There was also consensus that patients with a tight envelope require a high cohesivity gel---again, that the firmness of the implant gel should correspond to the tissue of the patient. There was 100% agreement that the longer term concerns for patients with grade 2 ptosis include further ptosis. Consensus was not reached on the implant type best suited to patients with massive weight loss. However, panelists agreed that the dual-plane insertion technique should be considered for patients with a body mass index \>25 kg/m^2^.

![Patient tissue characteristics: panelists' responses and percent agreement (N = 7). Items not reaching the consensus threshold\* are in bold font. ^\*^Consensus defined using a threshold of 70% for the rate of responses in which panelists reported *strongly agree* and *agree*.](gox-7-e2237-g004){#F3}

![Special patient populations: panelists' responses and percent agreement (N = 7). Items not reaching the consensus recommendation threshold\* are in bold font. \*Consensus defined using a threshold of 70% for the rate of responses in which panelists reported *strongly agree* and *agree.* BMI, body mass index.](gox-7-e2237-g005){#F4}

Operative Factors
-----------------

Consensus was reached on the optimal implant plane based on patient characteristics. All panelists agreed or strongly agreed that dual-plane implant placement resulted in fewer complications (Fig. [5](#F5){ref-type="fig"}).

![Operative factors: panelists' responses and percent agreement (N = 7).](gox-7-e2237-g006){#F5}

DISCUSSION
==========

Consensus recommendations based on expert opinion are important to the surgical community when few or no data are available. Regional practice differences make it especially difficult to apply general consensus recommendations based on data or on global expert opinion. This report presents the first consensus recommendations on implant selection based on the clinical experience of plastic surgeons from ANZ.

Implant Surface Area
--------------------

The complexity of breast implant surface texture is generally related to implant surface area; surface texture plays an important role in determining breast tissue response to the implant.^[@R25],[@R26]^ The consensus panel agreed that greater implant surface area leads to greater tissue integration in the clinical setting; however, based on the panelists' clinical experience, the presence of implant texture may not always correlate with integration into the patient's tissue. Survey responses did not demonstrate a strong need to communicate varying degrees of implant surface area using current quantitative nomenclature, which may have reflected their shortcomings. However, the panel considers it important to implement a standardized language to communicate surface area based on texture complexity and to compare data across studies, as the literature suggests.^[@R27]^ Standardized nomenclature may be particularly relevant given recent reviews demonstrating a potential association of surface texture and BIA-ALCL, including an analysis of BIA-ALCL cases in ANZ.^[@R16],[@R28]^ Publicity surrounding ALCL in ANZ has implications for practice patterns regarding specific breast implant types and for discussions with patients about implant surface texture options. Such recent developments have led to the proposed classification of implant texture by measuring implant surface area and roughness (high, intermediate, low, and minimal) as previously described.^[@R24]^

Implant Migration Risk Factors
------------------------------

Implant selection may be driven by the perceived risk that a particular type of implant will migrate from its original position after surgery.^[@R29]^ Selection of an implant with demonstrated tissue adhesion properties and placement in a precisely proportioned pocket, with adequate tissue coverage, have been shown to reduce the risk of postsurgical implant malposition.^[@R2],[@R3],[@R29]^ In the panel's experience, capsular contracture is seen less frequently as surgical techniques are refined. The literature confirms this observation.^[@R19],[@R20]^ A prospective, multinational study that examined the collective experience of 8 surgeons with approximately 42,000 macrotextured devices implanted using a 14-point, anti-infective surgical technique, with a mean follow-up period of 11.7 years, found an overall capsular contracture rate of 2.2%.^[@R20]^ In the view of the panel, surgical measures to reduce the bacterial load around implants have helped to minimize risk of capsular contracture,^[@R21]^ and implant migration has instead moved to the forefront as a primary concern in breast augmentation. Although consensus was not established on the importance of implant texture, shape, and gel cohesivity in the risk of migration, there was a consensus (85.7%) on implant size, and all panelists reported texture to be at least moderately important or important as a risk factor in mitigating implant migration. Larger implants have been associated with increased complications compared with smaller implants,^[@R30],[@R31]^ and the added weight of a larger implant could result in downward displacement over time.^[@R32]^ The responses to the role of texture in implant migration may reflect the greater use of textured implants in ANZ.^[@R33]^ Surgical technique (eg, formation of pocket and positioning of implant) was considered a key factor in minimizing risk of migration and other complications. Implant migration is a risk when there are low levels of tissue integration, as with smooth surface implants.^[@R34]^ However, risk of migration may be reduced by limiting dissection and providing soft tissue reinforcement. High-risk patients may do well with implants with greater tissue integration, but based on the clinical experience of the panel, gel cohesivity may also contribute to implant stability and its role should be investigated further. Overall, any implant can result in a suboptimal outcome if either the surgical technique or the quality of the patient's soft tissue is poor.

Implant Characteristics
-----------------------

A fundamental part of the implant selection process is considering the physical characteristics of the implant itself. Features that are important in differentiating between implant choices include shape, size, filler material, proportional fill, and surface texture.^[@R3],[@R6],[@R7]^ Surface texture, developed by implant manufacturers to encourage better integration of the implant into surrounding tissue,^[@R25]^ has been an area of increased focus. There is evidence that more complex surface textures may lower the risk of implant rotation and capsular contracture compared with smooth implant shell surfaces.^[@R8],[@R35]^ Implant surface textures have been described in 4 categories, according to increasing surface roughness^[@R27]^ and increasing depth and complexity of surface characteristics and increasing surface area.^[@R26]^ Although there was consensus that textured, anatomical implants may provide more stability than smooth, round implants in the long term, individual implant characteristics such as cohesivity and surface texture have not been adequately studied in clinical settings to assess their impact on implant stability, and thus, no absolute determinations about the performance of one texture versus another can be made. The panel considered round, textured implants to have the same outlook with regard to comparative stability and published studies. In addition, there are some patient cases in which smooth, round implants are the most appropriate choice---for example, when there is poor soft tissue coverage.^[@R3]^ Furthermore, the level of stability desired may vary from patient to patient; for example, an implant that moves with the breast may be preferable to an implant with strong stability if the patient has lax or aging breast tissue that may result in a waterfall deformity (ie, natural breast tissue drooping over the stable breast implant). Finally, in the panelists' opinion, their inability to achieve consensus that macro-plus-textured implants are suitable for patients with previous capsular contracture may reflect some cautionary views about highly textured implants and risk of ALCL, particularly in ANZ where this is a leading topic of research and discussion. The overall opinion of the panel is that, when considering the many device options, the goal is to match the implant to the patient.

Patient Characteristics
-----------------------

A critical component of selecting an implant is through analysis of a patient's existing anatomical features, including weight and height, chest wall size and shape, breast volume and shape, and skin and soft tissue characteristics.^[@R7],[@R36]^ Implant selection must be individualized to the patient, accounting for various patient types and tissue characteristics. For example, patients with a tight skin envelope may have more choices when it comes to selecting an implant. The panel achieved consensus on most aspects of patient characteristics and their impact on implant selection. However, there were some differences of opinion surrounding the appropriate implant style for patients who have had massive weight loss because the skin and tissue of individual patients respond to massive weight loss differently.

Operative Factors
-----------------

All members of the panel agreed that the dual-plane technique is the most commonly used and may result in fewer complications. The panelists also achieved consensus on the applications for subglandular, subfascial, and premuscular approaches to implant placement. However, it is important for surgeons to be aware of subtleties of subglandular and subfascial techniques in actual surgical practice. Regional practice differences may result in survey bias in relation to choosing smooth, round implants over textured, round, or anatomical implants, and surgeons in ANZ typically prefer and have more experience with textured, anatomical implants compared with surgeons in other regions of the world (eg, Asia).^[@R15]^ Local biases exist, as well. The anecdotal experience of the panel suggests that surgeons in Victoria, Australia, use smooth implants more often than those in Queensland and New South Wales. In each state, surgical practice, refinement, and education in techniques for achieving consistent results with a chosen implant reinforce that implant choice over time.

Implant Selection: Summary
--------------------------

Surgical technique, adequate planning, precise execution, careful control of pocket dissection, and incorporating appropriate steps to reduce bacterial burden provide a foundation to achieve favorable outcomes in breast augmentation surgery. Implant selection is a balance of experience, geography, patient goals, and tissue characteristics. There are, however, clinical indicators that make the consideration of certain implant characteristics more relevant. In most instances, multiple implant options may lead to successful outcomes if the procedure is well planned and executed; good implant selection will not compensate for poor technique. Table [2](#T2){ref-type="table"} summarizes the panel's recommendations on implant and patient characteristics that may be important in optimizing implant selection. Finally, the role of surgical experience over time cannot be discounted when working toward the goal of optimizing implant selection.

###### 

Panel Recommendations to Guide Implant Selection
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Study Limitations
-----------------

As with all Delphi studies, there are no accepted consensus thresholds and no accepted criteria for the selection of participants.^[@R23],[@R37]^ Inability to achieve consensus does not mean that the item lacks support or that the item should be completely ruled out as a consideration in choosing an implant. Regardless of these limitations, the consensus recommendations reached in this study may provide a foundation for re-evaluation and modification of a plastic surgeon's current perioperative and operative procedures. Consensus exercises focusing on prescriptive approaches to decision making, such as preoperative planning measurements and surgical technique, may provide additional guidance to surgeons.

CONCLUSIONS
===========

Using a modified Delphi method, consensus recommendations were reached on key factors in choosing an implant, including patient characteristics, appropriate surgical technique, and appraisal of implant migration risk. The most important consideration is matching the implant to the patient. This requires careful assessment of a patient's anatomical characteristics in the context of the physical characteristics of the desired implant and local practice preferences. Although consensus was reached by a panel of experts practicing in ANZ, many of the recommendations can be applied globally. As anticipated, much of what we consider important in implant selection derives from expert opinion rather than higher levels of evidence. We support ongoing high-level study of implant-based breast surgery to provide definitive answers to the questions that were addressed.
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